Introduction
The human placenta is one of the most complex organs with multi-functions, i. e. transportation of water and metabolites between the maternal and fetal circulation, production of estrogen, progesterone and gonadotropins.
The recent application of the investigative methods, tissue culture or electron microscopy other than light microscopy, to the human placenta has thrown more light on the functional correlation to the morphological details.
Since initial contribution by Boyd and Hughes (1954) , electron microscopic studies of the human placenta in various stages of pregnancy were done by Boyd and Hughes (1954) , Wislocki and Dempsey (1955) , , Rhodin and Terzakis (1962) , Terzakis (1963) and Lister (1964) . Ultrastructural characteristics of syncytio-and cytotrophoblast have been defined.
In addition, the concept of the intermediate or transitional type of trophoblast which is ultrastructural evidence of the formations of syncytiotrophoblast from the cytotrophoblast is due to the great contribution by the electron microscopy (Carter, 1964 , Enders, 1965 , and Boyd and Hamilton, 1966 .
On the other hand, studies on human trophoblast using tissue culture techniques have been carried out by some investigators (Gey, Seegar and Hellman, 1938 , Soma, Ehrmann and Hertig, 1964 , Thied, 1960 , and Thiede and Rudolph, 1961 . Notake et al. (1965) revealed three types of outgrowth pattern and changes in process of aging, and also Patillo et al. (1968) succeeded in continuous culture of human choriocarcinoma transplanted to the hamster cheek pouch. The localization of human chorionic gonadotropin in cultured trophoblast has been proved (Notake et al., 1965) and also Sawasaki et al., (1969) proved the existence of steroid hormone genesis in epithelioid cells.
However, there have been no detail descriptions of the ultrastructure of the human placenta in tissue culture. This paper purposed to describe the ultrastructure of human trophoblast in culture, and to point out the differences in comparison with those of the placenta.
Materials and Methods
Human placentas at 8 to 14 weeks' gestation were obtained under aseptic condition at the time of artificial interruption of pregnancy for socio-economic reasons.
The tissue was rinsed several times in balanced salt solution and minced approximately in 1 cumm. by scissors.
The fragments were explanted in chick plasma clots in roller tubes. The coverslips were coated with evaporated silica or tungsten oxide as a stripping agent using the method of the author (1968 and 1970) to faciliate detachment after', epoxy resin embedding.
The culture medium employed was composed of 20% horse serum and 80% Gey's balanced salt solution with added penicillin and streptomycin.
Incubation was done at 37°C in air and this was found to maintain the pH at 7.0 to 7.2.
The mediums in all cultures were changed every third to fourth day. Direct observation was done with dissecting microscope and for light microscopy the cells were fixed in absolute methanol and stained with the May-Griinwald Giemsa stain.
For electron microscopy, explants and outgrowth were fixed on the 3-7th day of culture for one hour in 1-2% phosphate buffered osmium tetroxide solution at pH 7.4 and dehydrated in a graded series of ethyl alcohol, and embedded in epoxy resin using the method of Luft (1961) . Final embedding was done by inverting gelatin capsules filled with epoxy resin over the cultures and followed by the previously described technique for separating the cured blocks of gelatin capsules from the silica or tungsten coated coverslips. The disks of the blocks were made to identify the cells or the outgrowth patterns on sheet of tissue culture, and reembedded for thin sectioning.
This always corresponded closely to the plane of cell growth over the coverslips, and also the ultrastructure of the cultured cells, especially intercellular contacts, were precisely preserved. Thin sections were placed in a Porter-Blum MT-1 ultramicrotome and stained with Millonig's lead method (1961) . Specimens were observed under a HU-10 type or HU-11-B type electron microscope. Thick sections of approximately 1 micron were observed under a phase contrast microscope for the purpose of the identification of the various portions in the explants and outgrowth before electron microscopic observations.
Observations
Identification of the outgrowth patterns and cell types were dependent on light microscopic findings in previous publication (Notake, 1965 ) and the observations were limited on epithelioid or polygonal cell, because of the predominant outgrowth in the materials of the early stages of pregnancy. Large nucleoli are prominent ( Fig. 1 ). The plasma membranes in the portion of the cellular contact are rather smooth without intercellular space or infolding and interrupted with prominent desmosomes (Fig. 2 ). b) Cotoplasm and endoplasmic reticulum. In cytoplasm, the abundance of specialized organelles are identified though ultrastructural variations among the individual cells are more noticeable in aggregating outgrowth. The most prominent structure within cytoplasm is the abundant rough-surfaced endoplasmic reticulum usually in cisternal or circular profile and sometimes in more elongated channels with lamellar arrangement (Figs. 3 and 4) . Endoplasmic reticulum contain finely granular materials, but no dense bodies which have been described in the placenta are observed.
In addition to the membrane-bounded ribosomes, some are also found in clusters.
c) Mitochondria and Golgi apparatus. Mitochondria are slightly decreased in number and usually oval in shape. The matrix is rather electron opaque and seldom contain granules.
Their cristae are fairly developed (Fig. 3 ). Golgi apparatus are markedly developed and consists of the vesicles, vacuoles, and flat parallel stack of lamellae which arranged in perinuclear region, however, no electron-dense bodies are observed in the vicinity of the Golgi apparatus (Fig. 5) .
d) Lipid droplets, lysosomes and cytoplasmic filaments.
Lipid droplets, 0.4-1.0 in diameter are found in perinuclear area, especially in degenerating cells at the 7-10th culture day. Finely granular bodies assumed to be lysosome are occasionally present. Several bundles of filaments often sweep through the cytoplasm (Fig. 3) . In some area of aggregating outgrowth, different ultrastructures from this typical trophoblast are observed.
2. Trophoblasts in cell aggregation. The cells which consist of ring-formation pattern reveal some ultrastructural varieties, but no essential differences are apparent from the typical one described above, and the inner and outer surface of the ring forming aggregations showed the prominent bulbous promontories (Fig. 6 ). No intercellular space was identified.
In the area of longitudinal arrangement which was described as syncytiumlike aggregation previously, some cells have a very similar ultrastructure to syncytiotrophoblast in the placenta (Figs. 7 and 8). There are prominent microvilli on the surface of the cell. Dilated and cisternal channels of endoplasmic reticulum are markedly developed. The cells are elongated with long cellular processess, however, no fusion of cell membrane to the adjacent cell are observed. Many ribosomes are also found in the cluster form as well as the membranebounded form.
Mitochondria showed closely opposed cristae and electron-opaque matrix.
Occasionally the cells which possess fewer organella are observed (Fig. 9) . The cystoplasm is rather less electron dense and contains poorly developed endoplasmic reticulum, numerous free riboscines and characteristic mitochondria with dense matrix and fewer cristae. Nucleus is round or oval without cleft and coarsely granular chromatin distribute rather homogeneously. These ultrastructures are very similar to the cytotrophoblast in the placenta.
3. Intermediate cells between cyto-and syncytiotrophoblasts. Also, intermediate cells in structure between cyto-and syncytiotrophoblasts are rarely seen ; the moderately developed cisternal endoplasmic reticulum, cytoplasm with greater density than typical cytotrophoblast, and nucleus with coarse chromatins which make bulk and aggregate on the nuclear membrane are characteristic of this type of cells (Fig. 10) . Occasionally, there are slightly elongated cells among the isolated cells in the outgrowth (Fig. 11) . The cytoplasm shows moderately developed vesicles and free ribosomes in cluster. Irregularly shaped nucleus with deep cleft and prominent nucleoli, is seen around' which many lipid granules are observed.
Discussion
Biological characters of trophoblast have been studied by many investigators using tissue culture technique. However, to the best of our knowledge, no attempt has yet been made to observe the ultrastructure of cultured trophoblast under the electron microscope, because of technical difficulties for preparing the cell with precise preservation.
The most common way of preparing the culture cell on coverslip has been to suspend the cells by means of physical disruption, proteolytic enzymes, or chelating agents and centrifuge to form a pellet which can be fixed and sectioned in the usual manner, but the ultrastructural preservation of the cell is not satisfactory due to these physical or chemical manipulations during processing, especially the precise morphology of cellular contact among the cultured cells cannot be obtained.
This paper purposed to describe the ultrastructure of human trophoblast in plasma explant culture by using the newly improved method of evapolated silica coating or tungsten coating for coverslip, of which the technical details and the satisfactory results were reported elsewhere, further to explore the possibility of identifying the origin and cytological characteristics of each individual cells from the ultrastructural point of view. Many studies have been carried out on the morphological identification of human trophoblast in tissue culture. Gey, Seegar and Hellman (1938) classified the cells in explant culture of human placenta into three basic types and identified the large epithelial cells with clear cytoplasm and round delicate nucleus as Langhans' type cells which revealed predominant outgrowth after two weeks of cultivation with human chorionic gonadotropin (HCG) producing activity in culture medium, though the possibility for releasing HCG from the explant itself could not be eliminated. Thiede (1960 and , also attempted to identify the function with his three basic cell type in monolayer culture, which could eliminate the explant as the sourse of HCG, but the cytologic and cytochemical studies failed to correlate these types with the histological prototypes of the placenta, but the definite existence of HCG in culture medium proved that at least one of these cell types was originated from trophoblast and kept the special function of HCG production. Notake et al. (1965) studied the localization of HCG on human trophoblast in explant culture by immunofluorescent staining and obtained the results of the strongest fluorescence in the cells with round shape and isolated position, which had been described previously as Langhans' type, and less fluorescence in the cells of syncytial arrangement, and the weakest in so-called chestnut-burr cells. From these observations they considered that the cells, which made predominant outgrowth from the specimen of placental villi at 6-8th week of gestation were migrating cell from syncytium layer. Patillo et al. (1968) selected cytotrophoblast of early placenta under the dissecting microscope. The primary growth from the cell column consisted of asteroid or burr cell with multiple microvilli and HOG was detected in the culture medium . They considered that these cells represented the functioning cytotrophoblast of the normal placenta. Also, they have established HCG-synthesizing cell line, BeWO, derived from a human choriocarcinoma previously transplanted and maintained by serial passages in the hamster cheek pouch and confirmed that this line BeWO had maintained the cellular characteristics of the functioning cytotrophoblast without differentiation to syn-, cytium in rapidly growing " log phase "-of growth and kept constant production of HCG.
Our observations on ultrastructure of human trophoblast in explant culture revealed that the majority of migrating cells, previously described as Langhans' type by the most of investigators, have entirely different morphology from cyto-, syncytio-and intermediate trophoblast and no analogousness can be seeked in the placenta. However, in consideration of the abundance of specialized organelles, rough-surfaced endoplasmic reticulum, Golgi complex, membranebounded ribosomes, which are required for secretion or elaboration of exportable protein, like HCG, the cells seem to be syncytium type from the functional point of view, and these are consistent with HCG production in culture medium as well as HCG localization proved by immunofluorescence staining. Also, the apparent existence of desmosomes in cellular membrane of polygonal or epithelial type reveals the strong evidence of epithelial origin.
In addition to these typical cells in culture, the cells with the similar morpbology to trophoblasts in the placenta can be observed in some portion of the outgrowth.
However, the cell fusion or remnant of desmosome in the cell membrane could not have been observed, though intermediate cells between cyto-and syncytiotrophoblast, which have been described as transitional morphology in differentiation of cytotrophoblast to syncytium by Carter (1964) , Enders (1965) , and Boyd and Hamilton (1966) . This may prove that the actual differentiation of the cultured trophoblast is different from the way in the placenta.
We consider that these ultrastructural varieties and specificities of trophoblast in culture cause the great controversy in cellular identification under light microscopy.
Our observations reveal that the majority of the cells have rather specific morphology which cannot be seeked in the placenta, and that there is the difficulties in applying the light microscopic criteria, like syncytio-or cytotrophoblast.
The characteristics in ultrastructure of human trophoblast in culture are important to give the significant guide for the experimental reseach of biology in using tissue culture technique which will be carried out in the future.
Summary
Ultrastructure of the human trophoblast in tissue culture has been studied by using newly developed technique for electron microscopic observation of the cells in explant culture.
1) The result of the new method is satisfactory in morphological preservation of cultured cell, especially in the observation of intercellular attachment.
2) The epithelioid cells reveal definite existence of desmosome in intercellular junction, which is very suggestive of epithelial origin of the cells.
3 Fig. 2 . The well developed desmosomes are seen apparently on the adjacent cell membrane. Fig. 3 . This shows a portion of typical ultrastructure of cultured cell derived from the human placenta.
The cytoplasm reveals the abundant rough-surfaced endoplasmic reticulum, mostly in circular profile, and well developed Golgi complex.
Mitochondria are rather electron opaque in the matrix and the cristae are not remarkable.
Delicate bundles of cytoplasmic filameht are seen throughout cytoplasm.
Nucleus possesses fine chromatin with uniform distribution. Dilated channels of cisternal endoplasmic reticulum, mitochondria with electron-opaque matrix and closely opposed cristae are characteristic. Fig. 8 . Elongated cellular processes are seen in syncytium-like arrangement, structure of the cytoplasm being essentially not different from the observed in Fig. 7 . Fig. 9 . This is the cells which are similar to the cytotrophoblast in the placenta. Abundance of free ribosomes and characteristic mitochondria with dense matrix and fewer cristae are seen. The nucleus is round and the chromatins distribute homogeneously. Fig. 10 . Moderate development of rough-surfaced endoplasmic reticulum and numerous ribosomes are seen. Coarse chromatins make bulk and aggregate around. the periphery of nucleus. This is the cell which is similar to the intermediate trophoblast in the human placenta. Fig. 11 . Slightly elongated cell in isolated position shows lipid granules in perinuclear area. Intracytoplasmic filaments are prominent.
